Introduction.-While the ionization of the alkaline metals by ultraviolet light has been definitely obtained, no results have been published which deal with the energy with which the photoelectrons emerge from the atoms or molecules of the vapor. The following results dealing with this subject are of a preliminary nature, and the values obtained are approximate only, owing to the limitations of the apparatus, and the difficulties of the method. An attempt was made to get information as to the direction of emergence as a function of the state of polarization of the light, but the polarizing prisms at hand were unsuited to the purpose.
In view of the results of the preceding paper, it seems probable that all the following phenomena are to be attributed to the ionization of molecules rather than of atoms. Two sets of observations are recorded, the first showing results obtained with the total radiation from a quartz mercury arc, while the second set was obtained making use chamber. This screen cut off wavelengths shorter than 2940 A. It is to be noted that this work in part was done when it was thought that the limit of the vapor was at 2856 A, hence the use of the 2940 A screen.
Owing to the relatively large wall emission due to the scattered light of wave-lengths greater than the long wave limit of the vapor, it was necessary to make use of a cage as shown at d, figure 1. The walls of the vacuum chamber were kept at a potential of about 3 volts positive relative to the c-age, thus effectively reducing the area exposed to the scattered light. The efficacy of this scheme was shown in separate measurements of photoelectric currents from the walls, in which the wall currents when the grid d was connected to the walls e were about 300 times the currents obtained when the three-volt retarding potential was applied at e. The electrodes b and c were of fine nickel wires stretched vertically so as to drain off condensing potassium, and spaced about 3 mm. apart. The electrodes b and c were separated by an interval of about 5 mm. As was later discovered, these dimensions were such as to give rise to difficulties with field penetration. But smaller spacing would soon have resulted in clogging as the potassium was condensing at a very rapid rate upon the interior of the chamber.
In taking data, the Faraday cylinder a was connected to a shunted Compton electrometer with a sensitivity of about 3000 mm. per volt. The grid b was kept at a constant potential of 8 volts negative relative to a. This served two purposes: i.e., they struck the retarding field. In the other run (p, q, Fig. 2b ) there was no initial accelerating field, d being at the same potential as c. At each voltage, two readings were made, one using the full radiation from the arc, and one with the 2940 A screen interposed.
In the results making use of monochromatized radiation, a Leiss monochromator was used together with the water-cooled capillary arc mentioned in the previous article. This arc gave a very high intensity immediately after starting with a fresh capillary, but, due to browning of the walls, the intensity dropped down to a much lower value after a short time. Because of this fact and also since the potassium had to be distilled very rapidly in order to get sufficient current, only two satisfactory curves were obtained. In this case also, the photoelectric cell was used to check the constancy of the source during a run, the arrangement, however, being as described in the wave limit work. The cage d was not used in taking the data with the monochromatized radiation since it had become shortcircuited to the walls e of the chamber in preceding observations. Fortunately, the use of the monochromator reduced the emission from the walls due to scattered light to such an amount that this did not constitute a serious difficulty.
Results.-T&tal radiation: In figure 2a , the curve j shows the current due to the total radiation as a function of the retarding potential VbC, while k represents the current due to radiation passing through the 2940 A filter.
For these curves an accelerating potential of 0.5 volt was applied between c and d. In figure 2b , curves p and q show the corresponding currents when VCd was zero: thus no initial acceleration was applied. Only such points were taken in the latter case as were necessary to determine the stopping potential. Considering first the general features of the curves, we see that:
(1) The negative electronic current is reduced in magnitude by the retarding potential to a constant value, the voltage at which the constant value is reached being the applied stopping potential for the fastest electrons.
(2) At 8.5 volts the curve j bends sharply in a positive direction indicating the arrival of positive ions at the electrode a.
(3) There is a fairly definite inflection in the electronic curves j and p about 0.6 volt below the maximum applied stopping potential.
(4) That the introduction of the 2940 A screen reduces the electronic current by from 80 to 90%, whereas observation at the same time showed that the current in the photoelectric cell was reduced by about 25%. Also separate tests showed that the currents due to scattered light upon the walls of the vacuum chamber were reduced in about the same ratio as those of the photoelectric cell.
(5) That curve k, figure 2a, shows a slight upward inflection at 8.5 volts, similar to j, so there still is some ionization at wave-lengths greater than 2940 A.
The fact that the 2940 A screen reduces the electronic current in the jet chamber to such a low value, while producing a relatively small reduction of the photoelectric cell current, is evidence that the currents measured are really due to electrons from the vapor and not from the surfaces exposed to scattered light.
The small amount of ionization observed even with the screen 2940 A is in accordance with the newly established limit between 3027 A and 3130 A.
Considering the numerical relations to be expected, we shall confine our attention to curve P, figure 2b, since the features of this curve are more VOL. 14, 1928 .799 sharply defined, though there is fair agreement between p, figure 2b, and j, figure 2a. First we note that the observed maximum applied stopping potential is 2.7 volts. This is not the effective stopping potential, however, because of the field penetration already mentioned. As will be shown later, the correction for this probably amounts to about 0.6 volt, to be subtracted from the observed value. Hence, the actual maximum stopping potential, or the emergent energy of the photoelectrons from the potassium molecules, is indicated to be 2.1 volts. If Next, turning our attention to the inflection at the foot of the curve P, figure 2b, we note that it occurs about 0.6 volt below the stopping potential. Such an inflection could result from the presence of two groups of electrons, one of which had a lower emergent energy than the other. If the limits 2610 A and 3027-3131 A are the critical wave-lengths for ionization with dissociation and ionization without dissociation, respectively, the energy of dissociation of the ionized molecule corresponds to from 0.66 to 0.79 volt which checks fairly well with the 0.6 volt obtained from the inflection in the stopping potential curve, the indication being that the ionization wave limit is nearer 3027 A than 3131 A.
Monochromatic radiation: In curves r and s, figure 3a, In curve s we see that the applied stopping potential is about 1.5 volts.
Fionm tliis' is to be subtracted the 1.0 volt initial accelerating potential.
Consideration of the dimensions and spacing of the grids indicated the possibility of -stray fields, so that the actual potentials of the wires do not represent the iffective potentials of the regions between the wires. To get the amount of correction for this effect, it was necessary t6 f6l$et light into the vacuum chamber through the rear window so that a large enough emission could be obtained from the walls of the -vessel for test purposes. Data were taken to plot three stopping potential curves, in which Vab successively took the values -8.0, -1.0, -0.5 volt, as shown in curves t, u and v, respectively, of figure 3b. Here we see that the applied stopping potential decreases from about 2.3 volts to 1.7 volts as the potential Vb is varied from -8.0 to -0.5 volt. From this we conclude that when the potential Vab is -8.0 volts an applied stopping potential of 2.3 volts is equivalent to an effective stopping potential of 1.7 volts, or that a correction of about 0.6 volt must be subtracted from the observed stopping potential. This correction, then, taken together with that for the initial accelerating potential, gives 1.6 volts to be subtracted from the observed stopping potential in the curves r and s. In the case of curve s, for the wave-length 3027 A, the resulting effective stopping potential is -0.1 volt, where it should be about zero for an ionization wave limit near 3027 A. In curve r, we see that the observed stopping potential is 2.9
volts. Making the same correction as above, the effective stopping potential is 1.3 volts. Assuming that radiation of wave-length 2399 A is capable of ionizing both with and without dissociation, and therefore calculating the maximum emergent energy from the 3027 A limit, we get a value of 1.07 volts to be expected. Thus, there is a discrepancy of about 0.2 volt. In view of the approximate nature of the wave limits and the curve intercepts, the check may be considered as fairly satisfactory.
The evidence then seems to be strong that in these experiments the ,currents due to electrons emitted from the internal' surfaces of the vessel have been made small relative to those due to the electrons resulting from photo-ionization of the vapor; and that the values of the stopping potentials thus obtained agree within the limits of error with those to be expected from the data relative to the ionization wave limits of the vapor.
By redesigning the apparatus, I hope to be able to improve the definition of the curves, and thus secure more accurate information concerning the process of photo-ionization of the vapor.
